Abstract. We describe multi-wavelength, simultaneous observations of the RS CVn star, II Pegasi, most of which were obtained during the first three weeks of September 1992. These observations were made using optical and infra-red broad-band photometry, ultraviolet and optical spectroscopy and microwave monitoring. We have detected photospheric spots and chromospheric flares, as well as deriving a description of mean conditions in the quiet chromosphere. One of the flares, observed in optical photometry and ultraviolet spectroscopy is one of the most energetic ever observed on this star. We demonstrate that in its "quiescent" state II Peg is continually variable in most of its chromospheric emissions, as well as in its coronal output.
Introduction
Chromospheric and coronal heating on the Sun is highly concentrated into localised active regions of enhanced magnetic field. The distribution of such active regions with solar longitude is highly non-uniform, with the global brightness in high-temperature spectral features sometimes being dominated by a few very active regions. This is especially true near the maximum of the Sun's magnetic cycle.
Chromospherically active late-type stars exhibit most of the characteristics of the active Sun but on a globally much enhanced scale. RS CVn stars are close latetype binaries in which one component lies above the main sequence and, forced into corotation through tidal interaction, is chromospherically active as a result of dynamo generation of magnetic fields. RS CVn's exhibit a wide range of solar-like activity phenomena. These include non-radiatively heated chromospheres and X-ray emitting coronae (Doyle et al. 1991 (Doyle et al. , 1992a , cool surface spots (Byrne 1992a,b) and frequent flares (Doyle et al. 1989b) .
Based on the solar experience, it might be expected that non-uniform distributions of magnetic heating on RS CVn stars would lead to variability in the stars' detected flux in suitable chromospheric and coronal radiations as the star rotates, i.e. rotational modulation. Such effects have been very elusive, however, in spite of much observational effort Andrews et al. 1988; , 1989 , 1995 , Doyle et al. 1989a Doyle et al. , 1992a . However, since most previous efforts have been based on either sampling a single rotation of the active star, or random sampling during many different rotations, there is an obvious danger of any rotational modulation being masked by short-term variability, such as flaring, or longer-term variations, such as the growth and decay of active regions. In this paper we describe observations of the 6.72d SB1 RS CVn K2IV binary, II Peg in the ultraviolet, optical and microwave spectral regimes, over varying fractions of 2 stellar rotations, which are then used to examine these issues. In this paper we present the data resulting from these observations. In a forthcoming paper we will discuss their implications more fully (Byrne et al. in preparation) . Note that throughout this paper we use the orbital ephemeris of Vogt (1981), i.e. JD = 2443033.47+6.72422E, which we found in Paper I to be more accurate than any of the other published ephemerides. We also assume, as have others, that II Peg's axial rotation is tidally locked to the orbital motion of its companion.
Observations
An extensive campaign of monitoring II Peg was organised in the third quarter of 1992. The core of the coordinated campaign took place during the two-week interval 5-19 September, but photometric observations were also made in both July and August to establish the phase and amplitude of the spot modulation prior to the main phase of the campaign.
Photometry
Visible and infra-red photometry was carried out at a number of observing sites between July and September We observed II Peg at the 1m JKT at the Observatorio del Roque de los Muchachos on the island of La Palma in the Canary Islands, 7-16 September 1992. The telescope was equipped with an EEV 1280×1180 pxl CCD detector and glass filters, which together approximated to the Cape UBV (RI) C photometric system. Equatorial standard stars from the lists of Menzies et al. (1991) were measured on each night to relate the instrumental to the standard system. The resulting magnitudes and colours are to be found in Table 1. II Peg, along with two nearby comparison stars, viz. SAO 91568 (= BD +28
• 4665) and SAO 91577 (= HD 224085 = BD +28
• 4667), were measured in all five colours several times per night. These acted as comparison and check star, respectively. Their mean magnitudes and colours were found to be The values for SAO 91577 may be compared with those determined by the present authors over several seasons (Rodonó et al. 1986; Andrews et al. 1988; Byrne et al. 1989; Doyle et al. 1989a Doyle et al. , 1992a , viz.
SAO 91577: V = 8.23; (B − V ) = 1.29; (U − B) = 1.41 (V − R) C = 0.65; (V − I) C = 1.24 and with those found from our other photometry below.
Continuous monitoring of II Peg in the Johnson U band was also undertaken at the JKT on 8 nights between 6/7-15/16 September 1992 (Byrne et al. 1994) . The telescope was moved between individual exposures to create up to ten images of the star before reading out the CCD, thus reducing the overhead due to CCD readout. Details of the coverage achieved, which totalled 31.7 hr, will be found in Table 2 . No flares were recorded in this time.
Photometry -Stephanion Observatory
Standard UBV photometry and U -band flare monitoring were carried out at the Stephanion Observatory (SO), Greece, using the 75 cm Cassegrain reflector belonging to the University of Thessaloniki between July 24-31 and September 3-18, 1992. The telescope and photometer have been described by Mavridis et al. (1982) . Nightly measurements were referred to the same two local comparison stars, i.e. SAO 91568 and SAO 91577, which in turn were referred to standard stars on the best 3 nights photometrically. Typical errors in V and B − V were ∼0.01, while These may be compared with our magnitudes for these same stars as measured at the JKT above (see Sect. 2.1.1 and Sect. 3.1.1). The resulting magnitudes and colours derived for II Peg will be found in Table 1 . Continuous monitoring of II Peg in the Johnson U band was also undertaken at Stephanion on 15 nights between 4-19 September 1992. Details of the coverage achieved, which totalled 76.2 hr, will be found in Table 2. 2.1.3. Photometry -Bulgarian National Observatory Standard UBV photometry was also carried out at the Bulgarian National Observatory's (BNO) 60 cm telescope at Rozhen between 25-30 August 1992. These observations were made differentially with respect to the local comparison star, SAO 91568, for which the standard magnitudes and colours measured previously were also assumed here as follows. The resulting magnitudes and colours derived for II Peg will be found in Table 1 . (Johnson 1966; Glass 1985) . Both the chopping amplitude and the aperture diameter were 15 arcsec. Each photometric measurement was performed exposing the star for 10 s in alternate beams until the signal-tonoise of the integrated measurement was ≥500. The comparison star was SAO 91577. Its standard magnitudes were found to be SAO 91577: J = 6.15; H = 5.84; K = 5.32; L = 5.17.
Standard errors on each measurement were ∼0.01. Standard reference stars were also observed to calibrate the observations to the standard system. A log of this data will be found in Table 3 .
Optical spectroscopy
Three optical spectroscopic data sets were taken during the campaign. The first consisted of high-resolution spectra, one per night, of Balmer Hα and Hβ, as well as HeI D 3 . The second was in the blue at lower resolution and included the higher members of the Balmer series and the CaII H&K doublet. The third comprised a time sequence of Hα spectra, also at a lower resolution.
Optical spectroscopy -high-resolution data
High-resolution (R ∼ 25 000) spectroscopy was carried out using the Solar Stellar Spectrograph at the US National Solar Observatory's 1.6m McMath Pierce Telescope at Kitt Peak, Arizona on 5 nights between 11-16 September 1992. On all clear nights a single spectrum was recorded in the region of the Balmer Hα line, while on a smaller number of nights spectra were recorded near Balmer Hβ and HeI D 3 . A log of these spectra will be found in Table 4 . 
Optical spectroscopy -blue low-resolution data
Low-resolution (R ∼ 4 500) spectroscopic data in the blue region (λ3 890 − 4 365Å) were obtained using the Intermediate Dispersion Spectrograph (IDS) on the 2.5 m Isaac Newton Telescope (INT) at the Observatorio del Roque de los Muchachos on the island of La Palma on five nights between 1992 September 14-19. A 2400 lines/mm grating, blazed at 3 500Å was used and a slit width of 1.35 arcsec, which projected to 2.2 pxl on the CCD detector. A log of these spectra will be found in Table 4 .
Optical spectroscopy -red low-resolution data
Low-resolution (R ∼ 3 300) Hα data were recorded on 9 nights between 7-20 September 1992 using the 40 cm telescope at the University of Birmingham's Wast Hills Observatory. The telescope was equipped with a zoom lens spectrograph (Elliott 1996) equipped with a GEC CCD detector which gave 385 pixels in the dispersion direction, corresponding to a wavelength coverage of ∼ 760Å. A log of this data will be found in Table 5 .
UV spectroscopy
Ultraviolet spectroscopy was obtained with the International Ultraviolet Explorer satellite (IUE) (Boggess et al. 1978) on 12 consecutive days between 1992 September 5-16. Data were obtained using both the IUE's long-wavelength (≈ 1900 − 3200Å; LWP) and shortwavelength (≈ 1150 − 1950Å; SWP) cameras in high-(R ≈ 45 000 at λ2 800Å; HIRES) and low-resolution (R ≈ 300 at λ1 500Å; LORES), respectively. Between three and six spectra were obtained on each date alternating between LWP HIRES and SWP LORES. This observing scheme enabled us to make maximum use of the satellite as SWP exposures were made while the LWP camera was being read to ground and prepared for the next obser- vation and vice versa. A log of the spectra will be found in Table 6 .
Microwave observations
II Peg was also monitored between 7-15 September 1992 using the Broad-band Interferometer (BBI) (Padin et al. 1987) at the Nuffield Radio Astronomy Laboratory (NRAL) at Jodrell Bank, England. The BBI operates at 5 GHz (λ = 6 cm) with a bandwidth of 384 MHz and has a sensitivity of 2 mJy min − 1 2 . The observations consisted of single scans of the source, each nominally 45 min but, due to telescope tracking errors (due, in turn, to high winds), actually achieved a typical on-source integration time of 20 − 40 min. Individual integrations each lasted 20 s. After averaging these 20 s integrations over a scan the typical noise level was ∼ 0.3 − 1.0 mJy.
The BBI was on 24 hr scheduled operation observing a number of objects including II Peg. Amplitude calibrators, 3C 48 and 3C 286, were observed every ∼ 12 hr. Their flux densities were taken as 5.335 Jy and 7.338 Jy respectively (Baars et al. 1977) . A nearby object, 2004 + 403, was chosen as a phase calibrator with an observing cycle of 15 minutes on phase calibrator and 45 minutes on II Peg (referred to as a scan). A tracking window of 3 arcmin was imposed which rejected the incoming data when the observing source fell outside this window due to tracking error.
Details of the coverage achieved will be found in Table 7 . No comparison was possible for the (V −R) C and (V −I) C data since these were measured at the JKT only. These differences in the magnitudes and colours of SAO 91568 are within the errors expected in the three data sets and so are unlikely to indicate systematic differences.
Intercomparison of the mean results for SAO 91577, however, indicates a large discrepancy between SO and JKT in respect of (U − B) colour (∆(U − B) SO−JKT = −0.181). This is uncomfortably large to be attributed to photometric errors. It is possible, of course, that the bluer photometric transformations, particularly U , are uncertain at the extreme red end of their range. On the other hand the mean (U − B) colours for II Peg itself are in good agreement (cf. Fig. 1 ). At present this anomaly is unresolved.
The V light curve, as presented in Fig. 1 , is a superposition of the data from all three sources. Its scatter is larger than might be expected from the intercomparison of the mean magnitudes for SAO 91568. It can, nevertheless, be readily seen that there is a minimum near phase ϕ ∼0.03 and a maximum near ϕ ∼0.4. Thus the light curve is clearly asymmetric, with a much steeper rise than fall. However, there is a relatively slow fall between ϕ ∼ 0.4 − 0.8, followed by a much more rapid decline to minimum. The amplitude of the modulation, ∆V is ∼ 0.2.
The scatter in the B − V curve is reasonably uniform with phase and is of amplitude ∆(B − V ) ∼ 0.02 − 0.03. Overall, the B − V curve shows evidence of a low-level modulation (∆(B − V ) ∼ 0.02) in phase with the V variation.
The U − B curve shows a uniform scatter with amplitude of ∆(U − B) ∼ 0.15 − 0.2 apart from one point which stands out from the rest (near ϕ ∼ 0.2). This is associated with the large optical flare on 5 September which will be discussed further below (Sect. 3.2). It is indicated in both the U − B and B − V colour curves and in the V light curve by an "F". We note that the scatter in the (U − B) measurements is much larger than would be expected on the basis of the uncertainty in the measurements themselves (i.e. ∼0.03). This may be due to low-level flaring as has been suggested in many active late-type stars (see e.g. Byrne 1983 and references therein).
Both the near-IR colour curves mirror the V variation accurately in phase. V − R, however, has an amplitude of only ∆(V − R) ∼ 0.07, while ∆(V − I) ∼ 0.11. Both are again in phase with V , consistent in a general sense, with the spot origin of the variations.
The light curves for the IR JHK bands will be found in Fig. 2 in the form of J magnitude and (J − H) and (J − K) colour diagrams. The J light curve is similar to V but with an amplitude of ∆J ∼ 0.06. There is no evidence of systematic variation in either of the IR colours themselves, but, given the different amplitudes in V and J, there is a strong variation in (V −J). Because, however, simultaneous V and JHK measurements are not available, it is not possible to get a direct measure of the (V − J) colour. 
U-band flare monitoring
Two optical U -band flares were recorded, details of which will be found in Table 8 . The light curve of the largest of these will be found in Fig. 3 . 33 * This flare is complex (see Fig. 3 ).
We have used the Equivalent Duration (ED) method of Gershberg (1972) in calculating the total, timeintegrated energy in each flare. ED is defined as the time during which the quiescent star emits the same energy as the flare in the same passband. Thus the measurement of the flare's energy is referred to the quiescent pre-flare level as measured immediately preceding the flare itself. This avoids many of the uncertainties involved in the absolute calibration of the flare observations.
The energy of the flare is thus defined as E U = ED × F q,U where F q,U is the quiescent energy emitted in the U band per second. This, in turn, is related to the star's quiescent U magnitude (taken as 9.3, see Table 1 ) by
where d is the distance to the star, taken as 29 pc (Strassmeier et al. 1993) , and Π U is the conversion factor from U magnitude to energy, taken as 2.32 10 −6 erg cm −2 s −1 (Bessell 1979 ). This yields F q,U = 4.45 10 31 erg cm −2 s −1 . Deriving the energy of each flare in absolute terms is then a relatively simple procedure, the results of which will be found in Table 8 .
High-resolution Hα
The McMath high-resolution spectra were flat-fielded, and wavelength calibrated using purpose built routines within the IDL data analysis package (IDL Users ' Guide, 1985) . All subsequent analysis was undertaken using routines within the IRAF astronomical software suite (Tody et al. 1986) or within DIPSO (Howarth & Murray 1987) , a software package available on the UK STARLINK network (Bromage 1984) . Spectra were corrected for telluric lines by reference to spectra of early-type stars taken specially for this purpose. The resulting spectra were then corrected to the rest frame of the K star primary of II Peg. This was achieved by shifting a strong, isolated photospheric line (FeI λ6569.224Å) to its laboratory wavelength. The spectra were then normalized by fitting a spline function to the local continuum and dividing through by this spline. The points at which the spline was fit were those judged to be free of lines when comparison was made with spectra of a number of slowly rotating K giants, taken with the same instrument and broadened to II Peg's rotational (1981)). Figure 4 shows the mean of all the Hα spectra.
From Fig. 4 it will be seen that the mean Hα line is strongly in emission with a peak intensity ∼1.45 times that of the local continuum and has a FWHM ∼ 1.6Å. Furthermore, it is asymmetric, in the sense that it shows an "absorption reversal" whose red peak is depressed relative to the blue peak, and a blue wing which exceeds the red in total flux.
High-resolution Hβ
The McMath high-resolution spectra in the vicinity of the chromospheric Hβ emission line were extracted and analyzed similarly to those at Hα (Sect. 3.3). They are shown after correction to the rest frame of the K-star primary in Fig. 5 in the form of the overall mean spectrum derived from the data on all three nights of observation.
As remarked in Paper I the line is blended with nearby photospheric lines of CrI λ4861.849Å and FeI λ4861.952Å on the red side and FeIλ4860.986Å on the blue. It is possible to "see" the lines to the red but the line to the blue is inextricably blended with Hβ and impossible to deblend without recourse to either synthetic spectra or inactive templates. However, it is apparent that the Hβ line is "filled in" and is asymmetric to the blue, in the sense that it is more "filled in" on that side of line centre.
High-resolution HeI D 3
The McMath high-resolution spectra in the vicinity of the chromospheric HeI D 3 line were extracted and analyzed as were those for Hα (Sect. 3.3). The resultant spectra are shown in Fig. 6 in the form of the overall mean spectrum derived from the data on both nights of observation. The line is in net weak emission with a peak intensity of ∼ 2 − 3% of the continuum level.
Low-resolution Hα
These spectra were extracted in hardware in real-time at the telescope to give 1-dimensional data, which were later debiased, flat-fielded and wavelength calibrated. The re- Fig. 8 . Blue region spectra of II Peg taken at the Isaac Newton Telescope 14-19 September 1992 shifted to the rest frame of the K star. The top panel shows the five clear nights' spectra in the region of the CaII H&K lines as the overall mean spectrum. The middle and lower panels give the same data in the vicinity of the Balmer Hδ and the Balmer Hγ lines. Also shown are spectra in these same spectral regions taken in 1991 (Paper I) smoothed to match the spectral resolution of the present data (dashed curves). The vertical lines indicate the rest wavelengths of the Balmer and CaII lines sults of the low-resolution Hα monitoring will be found in Fig. 7 as a plot of EW(Hα) against time.
Blue low-resolution spectroscopy
The INT spectra were extracted from the CCD images and wavelength calibrated within the STARLINK package FIGARO (Meyerdicks 1993) . We illustrate the results in Figs. 8 where the overall mean spectrum has been shifted in wavelength to match the rest frame of the K star. A flux calibration was achieved by reference to measurements of flux standards before and after the exposures. Although these spectra were not spectrophotometric, intercomparison between flux standards suggests that the accuracy of this calibration is better than ∼20% in all cases.
We note the following general characteristics. The CaII H&K and Balmer H lines are strongly in emission. However, we have examined carefully the spectra in the region of the Balmer Hγ or Hδ lines (marked by vertical lines in Figs. 8) and find that there is no obvious evidence of either, whether in emission or absorption.
UV spectroscopy
The IUE spectra were extracted from the spectral images and then wavelength and flux calibrated using the program IUEDR (Giddings 1983) which is available on the UK STARLINK astronomical computing network (Bromage 1984) . Subsequent analysis was performed using the STARLINK program DIPSO (Howarth & Murray 1987) .
SWP
In the SWP spectra the stellar lines are unresolved and their fluxes were estimated by fitting one or two gaussian profiles to the data in the manner described in . Two gaussians of fixed separation and relative intensity were used where the lines were partially resolved doublets (e.g. CIV λ1549/52Å). The line fluxes for the most prominent SWP emission lines resulting from this procedure will be found tabulated in Tables 9.
LWP
Extracting line fluxes from the LWP spectra was more complex for a number of reasons. The most prominent lines visible in the LWP spectra were those of the MgII h&k resonance doublet (λ2795.5/2802.7Å) and some lines of the FeII UV1 multiplet near λ2 600Å. In both cases the emission lines were resolved. Furthermore, in the case of the MgII h&k resonance doublet there is appreciable interstellar (IS) absorption superimposed on the stronger and broader stellar emission. Finally, the wavelength calibration of IUE in HIRES may be subject to uncertainties of order ≈ ±10 km s −1 (Byrne et al. 1989 ). We have adopted the following procedure for deriving the flux of the MgII lines. We have assumed that the IS line is unresolved at the resolution of IUE HIRES and fitted it with a gaussian profile of fixed FWHM equal to that of the instrumental profile of the IUE spectrograph in HIRES mode, while simultaneously fitting the main emission profile with another gaussian whose central wavelength, FWHM and intensity are all free to vary. This procedure fits the IS line well but it is clear that there is excess flux in the wings of the main stellar emission line over and above a gaussian.
After this first round of fits the IS feature was used as a fiducial to bring the entire set of spectra to a common wavelength scale and the stellar emission fitted with the sum of two gaussians, one to represent the main body of the emission and the other to represent the wings. These fits have been used to estimate the total flux in the stellar emission line. The result will be found in Table 10 .
The FeII lines were measured by fitting a number of gaussians of fixed wavelength separation, corresponding to the laboratory separation of the UV1 lines. Their FWHM and intensities were, on the other hand, allowed to vary freely. The resulting measured line fluxes will also be found in Table 10 .
Microwave observations
The data from each scan was vector integrated over the whole scan period and a plot of these scan averages will be found in Fig. 9 . The star is detected at all times of observation and shows evidence of continuous variability in its flux at 5 GHz at all time scales examined by the data. This is true both on an hourly time scale and from night-to-night. A strong flare with a peak flux density of 15 mJy was observed on September 13. 
Mean light curve
The mean V magnitude in 1991 (Paper I), < V >∼ 7.45, was clearly brighter than the current epoch, < V >∼ 7.55. Our measured mean is, however, very similar to those measured in 1986 (Byrne 1986; Byrne & Marang 1987 ), < V >∼ 7.53, and 1989 (Doyle et al. 1992a , < V >∼ 7.54, when II Peg showed a record large amplitude modulation. Assuming that the fainter mean magnitude is caused by a relatively larger global coverage by starspots, Table 9 . Line fluxes at Earth for the most prominent emission lines in the SWP spectra of II Peg. Values given in bold type were obtained from spectra during which we have deemed flares to be taking place. The phase of each observation is given according to the ephemeris of Vogt (1981) this implies higher levels of global spot coverage than in the previous year. The phase of light minimum, ϕ min ∼ 0.02, is the same as in the previous season, perhaps supporting the hypothesis that the dominant group of spots occurs at the same longitude. The maximum in 1991, however,was double peaked, with a secondary minimum at ϕ ∼0.5. This is no longer seen in 1992.
Interestingly, the colour curves all show negligibly different mean values from the previous epoch, illustrating the small overall effect of the relatively dark starspots on the global colour of the star.
Optical flaring
The large optical flare of 5 September is among the largest yet observed on II Peg. It may be compared in total optical energy to the large flares observed by Doyle et al. (1992a Doyle et al. ( , 1993 whose observed total U -band energy were both ∼1.8 10 35 erg, almost identical to the energy detected in the present flare. All of these numbers are lower limits, however, because the light curves were incomplete. The flare light curves were complex and the events themselves long-lived. The flare reported above showed at least three separate light maxima. Its rise lasted ∼30 min and its total duration was ≥6.5 hr. These parameters are comparable to those of the Doyle et al. flares. Note that this flare was also detected in our UV spectra (Sect. 4.7.1).
Hα
A comparison of the overall mean Hα line profile from 1992 with that from 1991 (Paper I) is made in Fig. 4 and shows dramatically that there is negligible difference between the two, in spite of the intervening year. This reinforces the conclusion of Paper I that the mean Hα profile of this and, presumably, similar objects, are truly representative of a mean chromosphere.
On the other hand, the results of the EW measurements from the low-resolution data indicate quite clearly that the Hα emission is almost continuously variable at the 50% level about the mean. This agrees with the data presented in Paper I, where the measured Hα EW's varied between −0.6Å and −1.1Å. Our present data, by comparison, indicates variations over a slightly larger range, i.e. −0.3Å to −1.2Å. Previous authors (cf. Paper I and refs. therein) found values ranging between −0.2Å and −2.0Å. Note that our largest value of EW(Hα) occurs in a single point a factor of ∼2 larger than the mean, which we consider likely to be due to a flare and is marked as such in Fig. 7 . A number of other measurements are marked likewise if they show a large deviation from the local trend. It seems unlikely that the overall slow variations are a result of flaring. The source of these probably lies in gradual changes in the brightness of individual active regions. Previously recorded large EW's were derived from single, isolated spectra and so may also be due to individual flares.
Hβ
We have also compared the mean 1992 Hβ profile with that from 1991 in Fig. 5 . It is clear that, unlike the same comparison for the Hα spectra, the agreement between the two epoch's profiles is not nearly as good. This is in spite of a good agreement between the nearby photospheric features.
There appears to be an asymmetry towards the blue, in the sense that there appears to be more emission (less absorption) to the blue side of line centre. This same asymmetry was noted in 1991 but at no part of the line was it in net emission above the local continuum at either epoch. Overall Hβ is more "filled-in" in the current epoch than in 1991.
HeI D 3
In the same way we compare the mean 1992 HeI D 3 with that recorded in 1991 from Paper I in Fig. 6 . It is immediately obvious that the agreement between the two epochs is poor, with the 1991 mean HeI profile being in strong net absorption and that from 1992 in clear emission. Note that the sense of this difference is similar to that of the Hβ profiles.
Higher Balmer lines and CaII H&K
The mean profiles for the CaII H&K resonance doublet and for the spectral region near Hγ and Hδ lines are given in Fig. 8 . Also included in Fig. 8 are spectra taken in 1991 (Paper I) in the same spectral regions. The agreement between the two epochs is excellent with no difference immediately apparent.
These comparisons show a clear trend, i.e. the higher the excitation of the line the greater the relative variability of the line. We reached a similar conclusion in Paper I but based on less comprehensive data.
Ultraviolet observations
Before comparing our current UV line fluxes with those measured at previous epochs, we need to isolate individual flare spectra and omit them from a calculation of the mean flux.
Flares in UV spectra
The CIV λ1548/51Å resonance doublet is the strongest feature in the SWP spectrum of all active late-type stars (Byrne 1995) . It is also a sensitive indicator of flares (Doyle et al. 1989b) . Examination of Table 9 shows that there are four CIV entries which deviate significantly from the mean. These are indicated in the table as boldface script.
Similarly in Table 10 one spectrum also stands out and is similarly indicated in the table. Note that the first two SWP and the LWP flare spectra coincide in time with the large optical flare on 5 September (Sect. 4.2). The peak flux (37.5 10 −13 erg cm −2 s −1 averaged over 20 min) is higher than that recorded by Doyle et al. (1992a) for their largest II Peg flare by ∼30%.
Mean UV line fluxes
The overall mean CIV flux at Earth, excluding the above flares, is 4.8 ± 0.9 10 −13 erg cm −2 s −1 . This may be compared to some previous values. In 1989 Doyle et al. (1992a recorded a value 6.7 ± 1.0 10 −13 erg cm −2 s −1 , while in 1986, Doyle et al. (1989) found a value 6.2 ± 1.0 10 −13 erg cm −2 s −1 . Therefore the 1992 mean flux is significantly lower than either 1986 or 1989.
Microwave observations
The microwave radiation, which is coronal in origin, shows the largest relative variability of any of the data, apart from the obvious flare. As can be seen in Fig. 9 , this variability takes place on all time-scales sampled, i.e. hours to days.
There is a large flare on 13 September (Fig. 9 ) which reached a peak flux of ∼15 mJy. Unfortunately the observations terminated while the flare was still in progress. Nevertheless we can place a lower limit to its duration of 4.7 hr. Again unfortunately no simultaneous observations at other wavelengths were being made during this time. It may be compared to the peak flux at the same frequency observed by Doyle et al. (1992a,b) , i.e. ∼8 mJy.
The mean "quiescent" flux over the entire observing interval, omitting the flare, is 2.6 ± 1.5 mJy. This may be compared to an upper limit of ∼ 5 mJy from Mutel et al. (1985) . Doyle et al. (1992a) observed II Peg over 6 hr on two consecutive nights. On the first night they recorded a secular increase in 5 GHz flux from ∼ 1 mJy to ∼ 2.5 mJy with a mean of 1.92 ± 0.04 mJy. On their second 6 hr night they saw an opposite behaviour, i.e. a decline in 5 GHz flux from ∼ 3.5 mJy to ∼ 2.0 mJy with a mean of 2.34 ± 0.08 mJy. Assuming this is typical of II Peg it is consistent with our current data.
Conclusions
We have presented one of the most comprehensive multiwavelength data sets on an active late-type star, both in the breadth of its wavelength coverage and its extent in time. It has resulted in a characterisation of mean conditions in the outer atmosphere of II Peg from the photosphere to the corona for comparison with models and with similar data from previous epochs.
We have detected flares on II Peg in optical broadband photometry, in ultraviolet and optical spectroscopy and in microwaves. One flare, recorded in optical broad band photometry and in ultraviolet spectroscopy, is one of the most energetic observed to date on the star.
We reinforce previous evidence that II Peg is highly variable in virtually all spectral signatures, with the degree of variability increasing to higher excitation.
